AMONGST the methods which have been proposed for the treatment of inoperable carcinoma that bv means of hypodermic injections of trypsin and preparations of the pancreas has received much attention. The main difficulty in trying this method is the absence of any guide to dosage and of knowledge of the action of such injections on the organism in health and disease. I have experienced the same difficulty in relation to the hypodermic use of certain tissue extracts in malignant tumours in mice. It therefore became evident to me early in the course of my inquiries that if any advance is to be made in this direction, a preliminary investigation of the blood of such animals and patients was necessary, and that the modifications in the blood by the injection of various tissue extracts and substances must be ascertained also, especially in view of the fact that normal serum possesses antitryptic properties.
paper is also inactive. On mixing together the residue and the filtrate the mixture exerts the same liploclastic power as the control unfiltered extract. The residue on the filter is destroyed by boiling, but the other constituent of the enzyme, namely, that in the filtrate, is thermostable. This second substance is termed the co-enzyme of pancreatic lipase, and the substance in the residue may be spoken of as inactive lipase.' The chemical nature of the co-enzyme which activates the inactive residue is still uncertain. It was shown, further, that the property which bile salts possess in accelerating the action of pancreatic lipase is shared by many other haemolytic substances (water, alcohol, sodium oleate, digitonin) , and that in all cases this accelerating action is inhibited by cholesterin, just in the same way that cholesterin inhibits the haemolytic action of saponin (Ransom 2). We found also that serum, while showing no fat-splitting power of its own, accelerates the activity of pancreatic lipase.3
This power of accelerating lipoclastic activity is greater in the seruin of the lower animals than in human serum, but in the serum obtained from cases of carcinoma in man, and in certain other pathological states (diabetes, for instance), the accelerating action is markedly increased; the same increase is seen also in serous effusions in cases of carcinoma; in fact, our first observation was made in a case of recurrent carcinoma of the breast with cedema of the arm. The cedema fluid had no fatsplitting action, but on the addition (made casually) of some of the fluid to pancreatic lipase the great acceleration of its action which ensued was noticed.4 Anti-diphtheritic horse serum exerts also an accelerating action.
A similar accelerating influence was found also in non-malignant ascitic fluid from a case of cirrhosis of the liver, but it was absent in the dropsical fluid in a case of heart disease, or at least not greater than is found with normal serum. Various tissue extracts were found to exert also an accelerating influence on pancreatic lipase. In addition to the increased power of accelerating fat-splitting, the serum and serous fluids in carcinoma show increased antitryptic activity, thus confirming the results with serum of Marcus, Brieger and Trebing, already alluded 0. Rosenheim, Proceedings of the Physiological Society, February, 1910 , Journ. of Physiol., 1910 to, and of Hort1 and others in this country. In animals, and in the non-malignant cases referred to, which show an increased power of accelerating fat-splitting, the antitryptic power of the serum or fluid is not greater than is found with normal human serum.
My results on mice are more fully described in one of my previously published papers.2 Briefly, they are as follows: The same accelerating action of the serum on pancreatic lipase is exhibited in (a) mice inoculated with malignant mouse tumour; (b) mice which proved "negative " to inoculation with mouse tumour; (c) mice which had been inoculated with some of the normal mouse tissues which are known to confer immunity in greater or less degree to subsequent inoculation with mouse tumour; (d) mice which had received subcutaneously injections of similar tissue extracts and substances; and (e) mice which had recovered spontaneously from large growths. I ventured to suggest that lipoclastic acceleration is not a mere accident, but that it may be one factor in the natural defensive or protective processes of the body, and in the induced resistance or immunization to inoculated tumour in mice. At the same time, I alluded to one or two cases of human carcinoma which seemed to support this hypothesis.
I need not go here into details of technique, but I may explain, briefly, that the lipoclastic action is estimated by the amount of decinormal potash required for the neutralization of the fatty acids set free by pancreatic lipase acting on olive oil emulsion, the mixture being incubated at 370 C. for a certain time, usually eighteen hours, phenolphthalein being used as indicator in the titration. Antitryptic action is investigated by the plate method of previously heated ox serum. A platinum loop drop of standard trypsin solution placed upon the serum plate produces, at 370 C., a depression owing to digestion in a given time. Increasing amounts of the trypsin solution are mixed with a constant quantity of serum, and drops of these mixtures are placed upon the serum plate in the same way. One notes what amount of trypsin is inhibited by the serum, as shown by the absence of digestive effect. One part of normal human serum inhibits four parts of trypsin solution, and the antitryptic value is expressed as 4 to 1.
Substituting hypodermic needle and syringe for bistoury in the old procedure of venesection, 10 c.c. of blood are usually taken.
Since then I have continued my investigation, and I have had now E. C. Hort, British Medical Association (July), Brit. Med. Journ., 1909, ii, p. 966. the opportunity of examining the serum in some thirty-four cases of carcinoma. The two reactions, namely, increased fat-splitting acceleration and increased antitryptic action, have been present in all. Similar reactions have been found in two cases of sarcoma examined, and in two cases of rodent ulcer. Confirmation of these results has been obtained in fifteen additional cases of carcinoma, independently examined by Dr. A. W. Sikes, in the Physiological Laboratory of King's College. In some early or doubtful cases, carcinoma has been successfully excluded by the absence of both reactions, and in only two cases have I been uncertain or wrong in my diagnosis.
Coinciding with what I found in spontaneously recovered mice, I have ascertained in four cases that the lipoclastic accelerating power continues in the blood serum after recovery in man. If, therefore, the change in the blood is an indication of an effort of Nature to resist the disease, the serum, so far as lipoclastic acceleration is concerned, continues to -remain in this state at least four or five years after recovery under treatment. On the other hand, the antitryptic action returns to the normal or may be subnormal. I append brief notes of these cases -Case I: Recurrent Carcinoma of Breast.-The patient came under my observation in March, 1906, and was treated by extracts of the pancreas and intestinal mucous membrane. She improved very greatly, permitting the removal of some supraclavicular carcinomatous and enlarged glands by Mr. P. W. L. Camps, of Teddington, in the following August. Ascertaining in July, 1910, that she was in good health, I asked her to come and see me for the purpose of examining the blood. She readily consented, and 10 c.c. of blood were taken for me by Dr. Vernon Jones. She had no signs of malignant disease, and I understood that she had continued the treatment for some time, and had also been under the care of Dr. T. U. Gray. In July, 1911, I heard that she was suffering from pleuritic effusion of presumed malignant origin. She was then undergoing other treatment, so that I had no dpportunity of examining the blood at the time of the presumed recurrence.
Case II: Epithelioma of the Upper Part and Rim of Autricle.-The growth was excised in January, 1903, and some cervical glands were removed in May and December, 1904. In Marcb, 1905 , trypsin and ox-gall capsules were prescribed by me and have been continued on and off since. In October, 1911, the patient was in excellent health, without any enla'rged glands or recurrence. I then examined the blood, with the result already stated.
Case III: Carcinoma of the Breast.-Operation in 1907. In October, 1911, the patient was in perfect health, and Dr. Mackay, of Lochcarron, under whose care she was, sent me the specimen of her blood. April, 1909. Major Spencer gave me an opportunity of seeing the patient when undergoing treatment. At that time a large abdominal tumour, which could be felt also per rectum, was present. In November, 1911, the patient came to see me, with Major Spencer's permission, for examination of the blood. The patient was in excellent health, and there was no evidence of any growth. I took 10 c.c. of blood; this was examined with the above-mentioned results, which Major Spencer kindly permits me to note.
Recently I have had the opportunity, through the kindness of Professor Hewlett, of examining the blood in a case of recovered early pulmonary tuberculosis, in which tubercle bacilli, formerly present, had disappeared from the sputa. The specimen was taken and forwarded to me by Dr. A. Davies, from a patient at the time in the Dreadnought Hospital. The serum showed a marked lipoclastic accelerating action, and the antitryptic power was norrnal.
The separation of an inactive pancreatic lipase from its co-enzyme by Dr. Rosenheim has made it possible to analyse the action of serum and other substances on fat-splitting more accurately. The inactive residue obtained by filtration, or by centrifugalizing, can be dried and conveniently kept in a powdered condition. Normal serum activates this residue, but the activation is much more marked with serum from cases of carcinoma, or from those who have recovered from that disease. Tumour extracts exert a marked action also, though they have themselves no fat-splitting power. In the case of tuberculosis just mentioned there was the same action, though it was not so great as in cases of carcinoma. As we do not know at present the nature of the coenzyme in the pancreatic extract, it is impossible to say whether the activating material in the serum is the same as, or different from, that normally present in pancreatic extracts. Moreover, as already pointed out, the reaction is not specific to carcinoma. By analogy with bacterial infection, without in the least assuming that cancer has a bacteriological origin, it may be permissible to suggest that the activator may be specific in each case, whereas the residue which may be compared roughly to complement is common to all.
The separation of pancreatic lipase into residue and co-enzyme seems to throw an entirely new light on the action of pancreatic preparations in the treatment of carcinoma. I have examined many commercial preparations of trypsin, and amylopsin, and pancreatic extracts. None has shown any fat-splitting power, but all of them, boiled or unboiled, nevertheless markedly activate the lipase residue.
A similar action is manifested by the serum of mice which had received hypodermic injections of pancreatic extracts and of trypsin; in weak solutions in physiological saline such injections can be given without producing the ulceration which otherwise ensues at the site of the injection, which necessitates the destruction of the animal. Coincident with this action the antitryptic power of the serum rises. If previous to injection the tryptic preparation is boiled and filtered, there is no rise in the antitryptic value of the serum, but its action in reference to lipase is the same as when the unboiled solution is employed.
I was the first to use pancreatic preparations and hypodermic injections of trypsin in the treatment of inoperable cancer.' Administered by the mouth in combination with bile salts, I have thought that in certain cases I have obtained beneficial results. It is quite possible, in the light of present knowledge, that such benefit may be due to the co-enzyme of lipase in addition to the accelerating effects on fatsplitting which it is well known are produced by bile salts. The whole subject of the so-called enzyme treatment of malignant disease is, however, at present so obscure that it would be unwise to dogmatize as to which constituent, or constituents, of a pancreatic preparation produces the effect.
Nevertheless, the activating effect of carcinomatous serum on inactive lipase residue is so pronounced, being in fact greater than that of the pancreatic co-enzyme itself, that I have been led, tentatively, to commence treatment in cases of inoperable cancer by subcutaneously injecting the patient's own serum. In five cases, still under treatment, injections of 1 c.c. have been practised at intervals, usually six to eight weeks. Bile salts have been prescribed at the same time, and the blood was examined at the time of each injection. In these cases, and in others where bile salts have been given alone, the action of the serumn in reference to lipase remains high or is increased, while the antitryptic action returns to normal and has been maintained at this level for many months. In these cases there has been an improvement in the general and local conditions, but, obviously, it is too early as yet to speak positively on the ultimate value of this mode of treatment. I ascertained later that previous to my commencement Dr. Mackay,2 I Lancet, 1905, i, p. 386. of Lochcarron, had employed similar injections of serum; while treatment with ascitic fluid in carcinomatous cases has been brought forward, from time to time, by observers abroad.
Cholesterin is another substance which has an activating action on the inactive lipase residue, especially in the presence of sodium chloride, with which it forms an emulsion. Cholesterin, however, inhibits the co-enzyme fraction, in conformity with its inhibitory action on accelerators of pancreatic lipase, which I have previously stated. I have fed mice on cholesterin mixed with their food (bread and milk) and in some cases injected it subcutaneously. The serum of such mice activates pancreatic lipase much more than the serum of normal mice does. In the hope that such treatment would exert a curative action I have commenced it recently upon mice with large inoculated growths. In one mouse with a tumour as large as itself cholesterin was added to the food. At the end of four weeks the tumour had entirely disappeared and the animal still remains healthy. In two other animals, selected on account of their large tumours, and treated in the same way, death has occurred owing to adhesions producing obstruction in the bowel, but the tumours appeared to be in a state of complete caseous degeneration. Untreated control mice have died, but no such marked degenerative softeniing was found in the tumours.
It is impossible to base any positive statement upon so few experiinents, but I hope to continue the work and later present evidence of a more decisive kind. Whether treatment on the same lines will prove beneficial in human carcinoma is also a question for the future.
It should be recollected that the late John Holden Webb,' of Melbourne, was the first to treat cases of cancer with cholesterin, on the assumption that loss of cholesterin from the living cells was a determining factor in the causation of cancer. Later he abandoned the administration of cholesterin in favour of its solvents, sodium oleate and purified ox-gall. Hofbauer2 drew attention also to treatment of tumours by means of cholesterin, while others have noted favourable therapeutic effects of this substance in tuberculosis and other diseases. Sodium chloride is another substance which has been found to exert a marked activating action on lipase residue, either alone or in aiding the action of other activators.
I have not wished to burden this paper with figures, but it may be interesting to give a few. I have selected those obtained in two cases 'Lancet, 1901, ii, p. 976. which are improving under treatment (serumn injection); these have the advantage of showing the present condition as compared with that before treatment was commenced; and those obtained in connexion with some experiments on human pancreatic juice. Before treatment, March 30, 1911, the following figures were obtained:-(1) 0-7 c.c. of pancreatic extract, diluted with water (1-2), incubated at 37°C. with 2'S c.c. of olive oil emulsion for eighteen hours and then titrated, required 8-9 c.c. of decinormal potash to neutralize the fatty acids liberated.
(2) The same, plus the addition to extract of 0 5 c.c. of the patient's serum, required 17-5 c.c. of potash solution-an increase of 8-6.
(3) The antitryptic value of the serum was 7 to 1. The same case after treatment, February 28, 1912. The condition of the patient was quite satisfactory, and the tumour could hardly be felt. The examination of the blood was conducted exactly in the same way as before, and the results were:-(1) Pancreatic extract alone on olive oil emulsion required 9-4 c.c. of potash solution.
(2) The same, plus the addition to extract of 0 5 c.c. of the patient's serum, required 24-1 c.c. of potash solution-that is, an increase of 14-7.
(3) The antitryptic value of the serum had fallen to 4 to 1.
Case II.-Inoperable Uterine Carcinoma. The experiments were conducted in exactly the same way. Before treatment, October, 1911:-(1) Pancreatic extract alone on olive oil emulsion required 11-1 c.c. of potash solution.
(2) The same, plus 0-5 c.c. of the patient's seruim, required 21-2 c.c. of potash solution-that is, an increase of 101.
(3) The antitryptic value of the serum was 6 to 1. After treatment, March, 1912: The patient was in good general health, and the local condition reported as satisfactory.
(1) Pancreatic extract alone on olive oil emulsion required 9-4 c.c. of potash solution.
(2) The same, plus 0-5 c.c. of the serum, 23-6 c.c.-that is, an increase of 14-2.
(3) The antitryptic value of the serum had fallen to 3 to 1.
The increase in the lipoclastic acceleration in the foregoing cases, printed above in heavy type (8-6, 14-7, 10-1, 14-2), are much greater than that produced by normal human serum (approximate average 4-5) under the same conditions. In both cases the figure is higher after treatment.
An opportunity has. occurred recently in the King's College laboratory of making some observations on fluid obtained from a man who had been operated on for a pancireatic cyst involving the duct, with subsequent fistula of long standing. The fluid, presumably pancreatic juice (or admixture) by itself, had a very feeble lipoclastic action, but when bile salts, cholesterin, pancreatic co-enzyme, sodium chloride, and serum were added to it the activation was pronounced in each instance; this was especially the case with the serum obtained in the two cases just referred to. Up to the present point I have referred mainly to substances which accelerate or activate lipoclastic action. I shall do no more than mention, briefly, that other substances have the contrary effect. Potassium salts exert an inhibitory action. Working with arsenic preparations, I found that whereas sodium arsenate accelerates, potassium arsenite inhibits fat-splitting. The liquor arsenicalis of the British Pharmacopoeia markedly reduces fat-splitting activity, probably in virtue also of the potassium bicarbonate it contains. In this connexion it may be noted that rapidly growing tumours contain a high percentage of potassium in proportion to calcium. SUMMARY. I have desired in the foregoing paper to place upon record some of the results I have obtained in my work rather than to attempt to draw any sweeping conclusions. In the present stage of the inquiry conclusions of such a nature are obviously impossible. I think, however, ' Clowes and Frisbie, " Chemical Pathology," by H. G. Wells, 1907, p. 415. I may say that up to the present the following points may be considered fairly well proved, or offer suggestions for the future:
(1) The serum of the blood taken from cases of carcinoma manifests two important properties: (a) an increased antitryptic value; (b) a power to accelerate the action of pancreatic lipase which is far in excess of what is found in normal serum.
(2) These two reactions when present together furnish a valuable aid in the diagnosis of malignant disease, and their absence excludes the diagnosis of cancer.
(3) After recovery or improvement, or during a period of quiescence, the accelerating power of the serum on lipase remains high, or may be even higher than when the disease is manifest. But under the same conditions the antitryptic value falls to normal.
(4) Such reactions serve, therefore, to control treatmnent and to indicate progress towards recovery or otherwise.
(5) The lipoclastic acceleration is a possible and natural factor in resistance to disease, in carcinoma and in other conditions.
(6) If this suggestion is admitted, serum and substances which increase this action or protective mechanism are indicated in treatment.
(7) Already, although the cases in mice and men are too few to yield decisive results, I have observed a beneficial influence on malignant disease, treated on these lines.
DISCUSSION.
Sir LAUDER BRUNTON said that although he did not feel he could criticize the paper, one or two questions arose in his mind. One was as to whether the blood from which the serum was taken was always at the same stage of digestion. Many years ago he had to do much work with the pancreas, and frequently wanted to get a pancreas from the slaughterhouse. Corvisart was the first to discover that the pancreas in the fasting state had little or no digestive action, but that if one got it during digesting activity the effect was very different. Corvisart said that he got nearly a thousand pancreases from the slaughterhouses in Paris before obtaining a really active one. He (the speaker) found that not only was it during digestion that the pancreas was active-there seemed to be an enzyme liberated which was present only in the form of zymogen in the inactive condition-but he had to pay a man in the slaughterhouse an extra fee, not only for the trouble of getting the pancreas, but for the feeding of the animal before it was slaughtered. The reason given was that they said the flesh of the animal which had been fed shortly before being slaughtered did not eat nearly so well. This seemed to show that some of the enzyme had been absorbed from the active pancreas. A year or two afterwards he obtained from Kew a papaw plant and found the juice from it much more active than pepsin; it acted in a weakly acid or a weakly alkaline solution, and digested not only ordinary substances but fibrin and connective tissue. He thought it should be a good thing to give, but he was afraid to give it in dyspepsia, because it occurred to him that if the papaw juice was absorbed without undergoing changes in the intestinal wall it might digest the intestinal tissues themselves. It would be interesting to know whether this preparation had been used instead of pancreas in malignant disease.
Dr. H. H. DALE understood the author was treating some of his patients by bleeding them, clotting the blood, and then injecting the serum of that blood into them. Was he not taking from one patient blood at one part and injecting it into another part ? If so, it would appear that the curative substance was something which did not exist in the blood as it circulated, but was formed in the course of the changes in the blood outside the body, presumably in the process of clotting, or perhaps in the disintegration of the leucocytes. It was well known that in clotting other changes occurred in blood than the mere formation of fibrin. Years ago it was pointed out by Brodie that a serum, even from the same species, especially when taken quite fresh from the clot, had a very definite physiological and toxic action when injected, even into the animal which it came from. That had been confirmed more recently by other observers, and it had interested him somewhat because the action was of a class which he had been studying recently in connexion with the examination of the action of a certain base derived from the hystidine, and resembling the action of extracts from tissues from all parts of the body. This vaso-dilator action was characteristic also of fresh sera. As Dr. Shaw-Mackenzie mentioned that the substance in serum which activated the pancreatic lipase was thermostable, one imagined that it must either be some simple saline substance or some simple body such as the depressant substance formed in the serum by clotting. He asked whether anything had been done, or was being done, towards a further chemical elucidation of the nature of this substance. A thermostable substance which could be dialysed ought to be something which, with sufficient investigation, was at any rate chemically tangible, it should not be altogether beyond the region of investigation. The point raised by Sir Lauder Brunton was interesting in the same connexion. It had been stated by several observers engaged in the preparation of therapeutic sera that it was inadvisable to bleed a horse for the purpose of obtaining therapeutic serum unless the animal had been deprived of food for twenty-four hours previously. Whether that was related to the passage of digestive enzymes into the blood of the digesting animal, or whether it was due to the absorption from the alimentary canal of certain putrefactive products, he did not know, but there seemed to be evidence that the tendency of serum obtained from a horse to produce the incidental effects of serum treatment, rashes, joint pains, &c., was much diminished if the animal was allowed to fast twenty-four hours before the blood was taken.
Dr. SIKES said he did not envy Dr. Shaw-Mackenzie his task of explaining this matter, because it was so technical, and those who had not worked at it would not find it easy to follow. He had seen Dr. Shaw-Mackenzie's work, on which he had been engaged for some years, and a year ago he thought he would try some of the tests for cancer which were described by him. He tried it on twenty or thirty cases, and his conclusion was that there was much in it, as nearly all the cases of cancer turned out according as he had described and the lipolytic and antitryptic reactions were found as he suggested. He had never himself treated any cases, but he had seen many of those which Dr. Shaw-Mackenzie had treated, and could support the fact that there was marked improvement. He recently saw cases which the author had under treatment three years ago, and they were certainly in a very satisfactory condition. The subject was a coming one, and the more that was known about these enzymes or co-enzymes in the blood in carcinomatous conditions the better. What Dr. Shaw-Mackenzie had set out here represented not more than a hundredth part of the work he had done on the subject. The subject was divided into two parts: one was a test for cancer, which came off in practically every case, and the other was method of treating cancer.
Dr. F. PARKES WEBER asked whether any investigations on the same lines had been made in regard to the fluid of peritoneal and pleural effusions in cases of cancer. It occasionally occurred that patients with cancer had chronic peritoneal and pleural effusions obviously directly connected with the primary or metastatic tumours. In such cases, if the fluids obtained by tapping the serous cavities in question were centrifugalized, one sometimes found in the centrifugal deposit a number of flat epithelioid cells (sometimes grouped together in clumps) containing fatty granules in their cytoplasm, and such cells were evidently cancer cells. A good deal had been written in France lately about " auto-sero-therapy," in which method of treatment a fluid derived from peritoneal or other serous effusions had been re-injected into the patient, either subcutaneously or into his veins. In a cancerous case under his care, in which a peritoneal effusion containing cancer cells was tapped once or twice, a secondary growth formed in the abdominal wall in the line of puncture, proving that the peritoneal fluid containing the cells in question could produce secondary growths if re-injected into the patient without preliminary sterilization.
Dr. SHAW-MACKENZIE, in answer to Sir Lauder Brunton, said that he had found variations in normal serum in relation to digestive activity; he therefore usually collected the blood three to four hours after a meal. The glycerin extracts employed were prepared from pig's pancreas; the period of digestion was not ascertained, but extracts made three years ago still retained their full activity. With regard to papayotin or papain, it had been employed by Dr. JBranch, of the West Indies, in certain cases of carcinoma; this observer injected it into tumours (mammary); he (Dr. Shaw-Mackenzie) had been informed by others that when given by the mouth it had been found useful in cases of carcinoma of the stomach. In answer to Dr. Dale on the subject of serum injections, he said that the question of the utility of taking something already in the circulation and putting it back had been raised by others. Dr. Dale had, however, given him the opportunity of comparing the action of blood and serum and he had found that whereas serum had the accelerating action on lipase the blood (unclotted) had not. In the blood the accelerating substance was therefore in a condition in which it was not available for the purpose. With regard to the nature of the accelerating substance, it was pointed out that several materials possess the property, and an investigation on the chemical nature of the pancreatic co-enzyme was at present being carried out at King's College by Dr. Rosenheim and Dr. Myers-Ward. In answer to Dr. Parkes Weber, many examinations had been made with peritoneal carcinomatous fluid, which, boiled or unboiled, reacted like carcinomatous serum on fat-splitting; he had mentioned that such ascitic fluids had been used by observers abroad; the objection to such injections mentioned by Dr. Parkes Weber might be overcome by boiling and filtering the fluid; his own doubt was the question of dosage, and his fear had been the production of anaphylaxis, but he had never noted any indication of this condition in his patients.
